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ABSTRACT

This summary document was prepared "n order to facilitate dissemination

of a large amount of missile aerodynamic data which has recently beell de-

classified. 0nly sur1_ary d_ta are presented in this report, but a llst of

reference documcnts provides sources of detai!od data.

Most of the configurations considered are suitable for highly maneuver-

able air-to-air or surface-to--air missiles_ however, a few cruise missile

and projectile configuratiors are also presented.

The Math number range of the data is generally from about 1.5 to 4,633

. however_ data for some configurations extend to subsonic Mach numbers.

The following longitudinal aerodynamic characteristics at various
f

Mach numbers are presented=

a) pitch control eff.ectiveness,Cm_

b) drag coefficient at zero lift, %,0

c) lift-curve slope at a=O°, CL=

d) aerodynamic-center 1ocation_ Xac/_.
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SYHROI,S

., A body nmxlmum eross-scet_onal area, _d2/4

Drag at zero llft

CD, ° drag coefficient at zero llft, q_

CLs llft-curve slope at a=0 °, per deg.

gms slope of pitchlng-moment curve at e=O a, per deg.

Cm_ pitch control effectiveness at a_O °, per deg.

CNa normal-force-curve slope at a =0 °, per dog.

CN_ normal-force coefficient due to contr_l deflection at a=O °, per deg.

d maximum body diameter

£ body length

" M free-stream Maeh number

. q free-stream dynamic pressure

Xac/£ aerodynamic-center of lift location referenced to body length,
positive aft

a angle of attack, deg.

6 angle of control deflection, posJ.tive trailing edge down, deg.

# angle of roll, deg.

Subscripts:

C canard

f fJn
t
I

w wing

Subscripts are used when there m_y be some confusion about which

control surfsce is being deflected.

iv
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INTRODUCTION

Recently a number of documents containin3 missile aerodynamic

data have been u :lassified. In order to facilitate disseminction of

the data contained in these documents, this sunlnarydocuf_entwas prepared.

It was not intended that all of the original data be included in this
0

report, only summary plots of curve slopes and data suitablz for compari-

son of the relative merits of the various configurations considered. A

list of the reference documents is included to provide a source of more

_I_tailed data for configurations of interest.

Most of the configurations considered are suitable for highly

maneuverable air-to-air or surface-to-air missiles! however, a few cruise

missile and projectile configurations are also presented.

Twenty-nine documents have been summarized. Some of these were

themselves compilations of data previously reported in other docL,ments.

Some of the documents summarized were never classified but are included

to give a more complete coverage of the configurations that have been

tested.

The Mach number range of the data is generally from about 1,5 to 4.63;

however, data for some configurations extend to subsonic Mach numbers.

_-,_ APPARATUS AND TESTS

-_;i The data summarized in this report were obtained origlnally in the

_:i Langley 8-foot transonic pressure tunnel and the Langley Unitary Plan wind
-_

...._! tumnel. These tunnels are variable - pressure continuous - flow facilities.---_rI

i,i " Tl_e 8-foot tunnel has a slotted test section which is about 2./44meters

,_ square and has a Mach number range frc_nabout 0°20 to 1.30.
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The Unitary Plan wind tunnel has two test sections_ each about 1.22

me.ters square and about 2.13 meters long, The nozzle leading to each test

section1 is of the -_symmctric sliding block type which permits a continuous

variation in Mach number form about l.ll7 to 2.86 in the low Mach number

test sectiop and from 2.3 to 4°7 in the high Mach number test section,

The Reynolds numbers at which the tests were conducted varied from

about 6.56 x 106 per met_.r to 9.84 x 106 per meter. Boundary-layer transi-

tion strips were used on the models,

Aerodynamic forces and moments were measured by means of a six-

component electrical strain-gage balance located within the model and, in

turn, rigidly fastened to a sting-support system. Angles of attack were I

corrected for sting and balance deflection due to aerodynamic loads and for i
r

tunnel airflow misalinement. The results have been adjusted to correspond

to frce-strca_,_static pressure acting over the model base.

_ince cruciform configurations may fly with wings in the vertical and

horizontal planes or with wings in h5° planes, data at both _ = 0° and _ = 45° are

presented for many of these configurations° The longitudinal aerodynamic

characteristics were similar in both attitudes except for increased pitch

centre] effectiveness at _ = 45° due to deflection of four surfaces instead

o_ two.

METHOD OF DATA PRESENTATION

The following longitudinal aerodynamic characteristics at various Mach

numbers are presented in this report:

a) pitch control effectiveness, C_6

b) drag coefficient at zero lift, CD,o

c) |ift,-curve slope at _ -=0°t CL_

d) aerodynamic-center location, Xae/_
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Maximum bo,Jy cross-sectional area and maximum body diameter are u_;ed

as reference area and length, respectivelyt for the aerodynamic coefficients.

In one case (TM X-1538) wl)ere the body was not a body of revolution, the

maximum frontal area and an equivalent maximum body diameter are used. It

was necessary to convert the data in some of the reports sunm_arized because

different reference areas and lengths were used.

Conversion from body-axis reference system to stability-axis system

was also necessary in many cases. In one case (TM X-8_6) there was insul-

ficient data to convert to the stability-axis system. In that _ne casc_ the

date is presented relative to _he body-ax_s system. The moment reference

• center _s shown on each model drawing _ncluded in the Data Sun_ary. Drawings

of model configurations were generally duplicated by xerox copy directly

from the original reports_ thus, not a11 model dimensions are given in the

International System of Units (SI). In some cases where new drawings were

necessaryt model d_mensions were converted to the SI system.

The aerodync "c-center Iocation_ Xac/£, is referenced to body length

and measured positive aft from the nose. It was caIcu]ated with the follow-

ing equation

Xac/Z = . (% /cL )(_/z) + (Xmcl_)

where Xmc is the distance from the nose to the moment center, d is maximum

body diameter, and £ is body !ength.

The data are shown in the Data Sunrnarypl_tted against Mach number except

_n the eases where data for only one or two Mach numbers were available. In

those zases the data are presented in tabular form. Each data summary con-

tains a refe;'enceto the original report from which the data was taken, A

comp|ete list of the reports sunlnarized is given in the ]ast section oF this

report.
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A summary of typical configurations considered is given in the next

section. Nut all tile configurations covered in the Data Sulmlary are shovnl,

only typical examples. These examples were chosen on the basis of various

configuration classification such as:

a) wing planform _h_pc,.

b) wing arrangcrnent - cruciform or monoplane.,

c) control surfaces - wing, tail, or canard.
f

,! d) surface arrangement - in-line of" interdig'itated,
I

These configurations arc grouped according to the missions For which
F

they were originally designed. The arrangement of the Data Sulm_aryfollows

the same plan as the Summary of Configurations _ncluding, however, all of the

¢onf igurations considered.
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SUI_ARY OF CONFIt;URA'IIt)I;:;

AI R-TO-A! R

o

: _---__-_. TM X-3070

I

SURFACE-TO-AIR OR AlP.TO-AIR

......._=. _ _ TM X-]839, TM X-2289

-_- "_ TM X-1839

.... _ ...... _ _ TM X-2491
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i ! • _ _ TMX-ZVSO,TMX,-I_34

!

!

!

r---I-!

.... •- " ; ill iiJil/_il;;__----__ TM X-187

I N, .....

-- TM X-I184, TM X-1332

7 ,!
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SUI_FACII-'IO-AII'

_ TH X-1025, TM X-1416, 'ItlX-I ]5,

i

TM X-2774

I

AIR-TO-SURFACE

_ %_ X-1491

W

..... -: _ . "_ X-1492

_"_ l_l L58CI 9

1
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CRilt _E, .....1AhtA.I l)llOll 1,',

!
$

........ 7-_-- "_ [l_ISX-153!, Tbl SX-1961 TM SX-2299
_. -------___.-..... _.-UL_ ,

f
!

' PROJECTTLE
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DATA SUM_IARIES
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AIR-TO-AIR MISSILES (AAM)
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LONGITUDINAL PARAMETERS; _0 °.

DIAMOND AIRFOIL

M _ 2.30 M _ 4.60

_=0 o . _=45o _=0 ° _=45 °

ONe* O. 592 0. 568 0. 454 0. 373

CM -0.643 -0.440 -0.421 -0.146

Xac O.586 O.569 0.577 0.547
£

CM6 O. 267 0. 427 0. 026 0. 090

CN_ O. 208 0. 294 0.117 0.166

WEDGEAIRFOIL

M ,= 2.30 M ., 4.60

CNct 0.568 0.547 0.424 0.374

CH_ - O. 589 -0. 507 -0. 626 -0. 345

X 0,584 0.577 0.608 0.577
ac

R,

CM_ 0.361 0.463 O.030 O.066

CN_ O.199 O.304 O.145 O.2]0

Ref. TM X--846
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.8 .

0 .... I ...... I ..... I ............. I ...... ...... _I

.8 .

X--a_ . h .
£

0 ........... i . 1 1 I ........ t._ ......... ,
o i 2 3 b, 5

M

Variat_()n of Iongitudln_1 par,,_r..etersw_th Mach rJumbcr; 'rO °,

Ref, _,_ X-_070
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SURFACE-TO-AIR MISSILE (SAM)

i OR

I AIP-TO-AIR MISSILE (AAM)
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Delta
----- Cr_Lnked

._ Rect_mgular

CD'° .2

3

CL

0 1 2 3 L 5
M

Var_atlon of icnqitud_nr;T_,arametcrn_'ith:.:[_chn_,_,er,u_:9,

Re.f, T_P,X-]8_9

..... "-J ................... J p rr---
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Moment center

,1____ Ii "_°°'_L
fi t

--- ?,5 fineness ra 13.001

Nose ! (oglve nose)

32.99 :33.02 12.70

I (12.99) t. _--- (13. 00) ;i _- (5.00)--

j_ 2.67

(1.05)

*"- (0.
Nose 2 (intermediate bluntness nose)

L-. 18. 120 "_
[" (._0.992)

Nose 3 Iheml_pherlcal nose)

Drawing of model _h_v/ix_!; m)se _h_pes invesf:i?,;_ted. Linear dimensions

are given in centimeters mid p;trenthctically in inches.

,-)¢_
Ref, '114 X-,:,89
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Nose

I
i.6 ;,

• 3

1.P. I
CD -_- ...... ------- IjO

.8

,lj

.8

.6

CL ._

.2

0 " I _ I I .... ] ........ J ..... !1 I ...... I_ m

7O

---- 60
£

_0 ....... J ........ J ..... I | I | ..... _ . a. * *

1,2 1,6 2.0 2.h 2.8 3.2
N

Variation of ]cng_tudinai parr ureters with !:ach nnmb_', _0.

1Ref'. TM X-22_9
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|0•

Bod,' _l_tion

S_'gS(2_'QO_ 5 08(2.00)......
m

_-_6.1512, 42) .... _

Larg_b_oster

L

2.54(!. 00)_ //'_4' Opri' oll_: "

lloaystation
55.IIIH22.00}

20*

-
"_'-I |. 761 "-_

_,,..... 2_,40_IO.00).......
_mall I_oosler

Concluded.

!'.eI'. '12,_X-?l,91

;:...... .......... ,_i
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2.0 -

CD,° 1.0

0 ! . ___.4__ I 1 I

o

.8

, r_&l l o_'' ....

CL_ k'ooster:;off.}I

0 .............I.............I...............l ...... I ..J

120 -

8O

Xae -'- V

_o

0 I I_. I .. I Vl
1.2 ] ,6 2.0 2.h 2.8 3.,_"

M

O r`V_riation of ]_ngJtudina] p,'Lrametersw'th Na?h n_z_,_r;n _ .

R"f. 'i_._X-;dLg]
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= 45° four controls deflected

Cm6 .2 f N ¢ = 0°, two controls deflected

1.O

.m

.h I \

eL..2

0 ....... L ........ I ...... I......... a ...... i

1.2

.8

£

.k

0 1 2 3 h 5
M

Variation o£ 1on_,itud_nalpars;neterswlth Mach number; _'0o"

P,ef..q_,1X-!309, TM Z-].352
i
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I

"....._ ..... _[i _ _.__ ...,/ ,_

! ......... i__ _ ....... _ .., l. ,_J

[\,,i........ ' ,..........._,q_ 0-
I \\:..... I ........._t7 l'<_

. I% I i/!I,,,
• _i."

I I I \ r ! '"=_.'_._,\1/ "_ill/ / II ....... ! .,y

, I t "_ I

i t :

,_

%...ill,. ;........
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,,..,...

C _ ....---
m6 ,C

o i i I,, :---- I
,,..,.., ,,--,, ,

Cm6,f

_.4 ws

WBC2

W_C3

.h

0

J

c_ .3F

.2 ..... L .... I .... I

.8

Xae

'£ "014 I ....I I .I .... l t
o _ _ 3 _ 5

Var_atJc,n oi"]c,n/_tu_in,%!par:uT',ql,ers with r,',_,h',,umber;a~o°

Ref,T_4x'2367
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¢, dec. Forebody

0 Conical

45 Conical

0 ]_lunt

-.2 . . . . - , ,1k_i_--_
-.h Horizontal tails ;:]efleeted

Cm6 ...6
h .tails deflected

/
/

-l.o /
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$, deg. Forebody

0 Conical

.... h5 Conical

.8 0 Bl_t

.6 \

Cx:% ' '_ _ _/_---!_ canards deflected

.2 Iloriz_ntal canard

0 -_-_- I __ I | , _ J_ ,,, J J....... L .__L I, ,, t ___ i

1.2

P

CL

.6

._ ........I_............! i .........I..........I ......t...... I...........J...............i .... !

.7

X

i!! I-

0 ,5 1.0 ].5 2,0 2.5 3.0 _'_,5 h,o h,y-, 5,0

• M

Vat, aLton of ]on_itu:tiT_M parameters with r,'ac'h number; a"O.

P l_ef. _4 X-2'f80

il
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bW('

"2

•3 !_',_3

Cm6

_. _/-----C m6

0 a a i,, m I

.8

.6

CD,o _

.2

0 g..... _ ...... !.............I .......J

CI,
OI

0 .........L_ . A__ | __ l___ J

.8

X
a__.._c._
J_

0 _ , J J i . | ,,|

o l 2 3 _ 5
M

Variation of long_tud]nal parameters w_th Math number; a_O.
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I_NGITUDINAL P._dqETEKS AT HAOI NUMBER4.55; a-'=O°.

CONFIGURATION Cm8 CD,o CL Xa¢a &

Delta Fins and Trailing-Edge Controls -0.017 0.12 0.134 0.637

Large Canard Controls wlth Flared Skirt 0.166 0.36 0.175 0,593

Small Canard Controls with Flared Skirt 0.143 0.34 0.150 0.583

Small Canard Controls without Flared Skirt -- 0.18 0.105 0.445

F_

Ref. TM X-187
i
!!
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1.0

CD,o ,

*

.8

1.2
. O* & 45 °

CID

.8

XOC ---_'_'_ ....

.4

O" ' "' ' ' ,' ' ---'
0 I 2 3 4 5

M

Var:latlon of longitudinal parameters with Mach numbers; a--O.

Ref, T_ X-fISh, TM X-i332
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0 g I e

C

,-. .--.-- .--- -
-1.0 '"""..... Tal! Configurations

..........X Cruciform

-'I- Inverted

_L conventional1.0

0 .......... ! ......... I ....... '

1,,0 -

_ I................... I............. I
Q_ ----

x__,5 - _..-,-T-,_L_ .

0 ........ l .... l ......... l

1.5 2.0 2.5 3.0
M

Variation of longitudinal parameters with N_ch nun_er,; a_O _.

P_£, _i X-71984
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SURFACE-TO-AIRMISSILF (SAM)

I• °
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0 i [ II i } I .. ! J

Cm6 -.1

-.3

.8

CD'°'6._

.7

.6

CL .5

.7

a__e .6
&

0 1 2 3 _ 5
M

arlatlon of longitudinal ?arameters with Mach nt_nber;a_0.

Re£. 74 X-]025
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Clnlt 0 I..... i _1 _ = 45°i _ _1 i:4

.8-

,CLo.4-

•8- _ • 0 o 8 45o

x9_..c .4
£

0 I I l_ ,1 ...... I
0 1 2 3 4 5

M

If', Vomiation of longitud_n_Ll parameters with _ach number; a=O.

Ref. T_4X-1_16
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= 0o ¢ = _5o

0 , u i I n ,

S i

Cm6 /
i

T9 /
........... TI0
.... TII

TI2

i

%o[ [
0 .... J ...... f .... _ ....... ......... I ....... J . l

%

0 ........ I ...... O -- -- _ .... I ......... I _ I

• 8 p_

X

_ o _ _ _ o _ _ ,
_, " V_rJatlon of lon_,tu_:linalp_ra_eters wit_ 5_achnumber; a_O. |

i{ .,,.o. I

i Ref. ,_I X-,'rfl_ I
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AIR-TO-SURFACE MISSILE (ASM)
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Cm6 -'-"

] ._- l.O_

IR CD,o ......

i OL l_ ----!

CLcL .2

1.2

<1]
.8

0 i -----J
1.5 2.0 2.5

M

VarJatiozl of lon_itud_Tla! parameters with Mach number; a_oa. -

Ref. TM X-Ill2
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- LONGITUDINAL PARAmeTERS; _0 °.

Mach Number 1.6

Conf£g- Fin Cl_ CD,o CLa Xac/_
uratlon Sweep Q-0" _=45° _=0° 4=45° _=0° _=45° _-0" _=45°

BF1 65 ° -- -- .380 -- .083 -- .617 .697

BF2 65° -- -- .400 .398 .I04 .I08 .684 .697

BF2 30° -- -- .565 .560 .114 .114 .702 .720

BF2W2 30 ° -.012 -.016 .688 .690 .218 .227 .619 .619

BFIN1 30° -.012 -.016 .610 .590 .174 .185 .606 .603

, Mach Number 2.0

Conflg- Fin CM_ CD:o CLa Xac/£
- uratlon Sweep ¢_0o _=45o _=0o ¢=45" ¢=0_ _-45° ¢'0° _=45°

BF1 65° .... .36 _368 .075 .083 .581 .549

BF2 65° --- .38 .38 .I00 .107 .630 .622

BF2 30° _ .508 .509 .II0 .106 .683 .69_
j

BF2W2 30° 0 .01 .628 .628 .194 .239 .609 .612

BFIW1 30° -.012 0 .542 .54 .161 .156 .590 .598

Ref. TH X-14¢,_1
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LONGITUDINAL PAP_%METERSAT MACH Nqg[BER2.5, WITH INLETS COVERED; a=0°.

_- O°

X
CONFIGURAT ION Cm6 CD,o CL_ a___q• £

i

Wing I, Tall i -0.0829 0.247 0.155 0.611

Wing i, Tail I, Pop-out Fin -0,0859 0.255 0.159 0.628

Wlng 2, Tall 1 -4).0933 0.245 0.124 0.581

Wing 3, Tall 1 -0.0773 0.242 0.125 0.602

Wing 3, Tall i, End Plate -0.0762 0.255 0.148 0.622

Wing 4, Tall 2 -0.0821 0.240 0.129 0.574

= 45 °

X

CONFIGURATION CD _a._cCm_ ,o CL_ . _.

Wing I, Tall 1 -0,I176 0.250 0.146 0.603

Wing i, Tall 1, Pop-out Fin -0.1165 0.257 0.154 0.624

Wing 2, Tall I -0.1262 0.247 0.122 0.574

Wing 3, Tall 1 -0.i198 0.247 0.135 0.584

Wlng 3, Tall i, End Plate -0.1142 0.256 0.150 0.614

Wlng 4, Tall 2 -0.]128 0.243 0.128 0.563

Ref. TM X-1492
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NACA RM L58C19 INVESIIGATTOIJ or CO{'_TRI_LEtFIICIIVI_/tIL_]C,At,IlJS!AL;It.II'Y

" .C,.,OF A MODEL 01"A t,OW-W'tfl(i"_'_,I_,,,II.._I,'I'I'HCHARA('TERI.,I'r

INFERDIGITArED TAIL,._LJ_r'_,CESA'['M_0.CI_(NUt_JE!(_,C]l-".T_.29,

2.97, AND 3.51.

John G. Presne11, Jr., 1958.

NASA TM X-187 STATIC AERODYNAMIC CHARACIERISTI(S OF SEVERAL HYPER-,

SONIC MISSILE-AND-CONTROL CONFIGURATXONS AT A _,V_CH

NUMBER OF 4.65.

James D. Church and Ida M. K,rkland, 1960.

NASA TM X-846 LONGITUDINAl, STABILITY AND CONTROL CHARACTERISTICS OF

AN AIR-TO-/-_IRMISSILE CONFIGURATION AT MACH NUMBERS

OF 2.30 AND 4..60AND ANGLES OF ATTACK FROM-[_5° TO 90°•

Royce: L. McKinncly, 1963.

NASA TM X-102_ SUPERSONIC AERODYNAMIC CHARACTERISTICS OF A CRUCIFORM

MISSILE CONFIGURATION WITH LOW-ASPECT-RATIO WINGS AND

IN-LINE TAIL CONTROLS.

Dennis E, Fuller and William A, Corlett, 196_.

NASA TM X-Ill2 AERODYNAMIC CHARACTERISTICS AT MACH 1.60, 2.00, AND 2._0

OF A CRUCIFORM HISSILE CONFIGURATION WITH II_-LINETA_L,

CONTROLS°

William A. Corlett and Dennis E. Fuller, IP65,

-79-
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N;ISA TM X-1184 AERODYNAMICCHARACTERISTICS AT PJICII NUII_ERS FROM0.40

TO 2.06 OF A MISSILE MODEl. HAVING ALL-MOVABLE WINGS _ND

INTERDIGITATED TAILS.

Gerald V. Foster and William A. Corlett, 1965.

NASA TM X-1304 h_/_nYNAMIC CHARACTERISIICS OF A O.187-SCALE MODELOF

A TARGET 141SSILE AT MACH 1.80 TO 2.16.

William A'. Corlett, 1966.

NASA TM X-1309 AERODYNAMIC CHARACTERISTICS OF A MANEUVERABLE MISSILE

WITH CRUCIFORM WINGS AND IN-LINE CANARD SURFACES AT

MACH NUMBERS FROM O.50 TO 4,63,

William A. Cerlett_ 1966,

NASA TM X-1332 AERODYNAMIC CHARACTERISTICS A1 MACH NL;_.BERSOF 3,95 AND

4_63 I'ORA MISSILE MODEL HAVING ALL-MOVABLE WINGS AND

INTERDIGITATED IAILS,

Mo Leroy Spearman and _4illiamA. Corlett_ 1967,

NASA TM X-1352 AERODYNAM_C CHARACTERISTICS AT MACH NUMBERS FROM 1.50 TO

4,63 OF A MANEUVERABLE MISSILE WITII IN-LINE CRUCIFOR_I

WINGS AND CANARD SURFACES,

M. Leroy Spearman and W_lliam A. Corlett, 1957.

NASA TM Z-1416 AERODYNAMICCHARACTERISTICS OF A WINGED CRUCIFORMM_SSILE

CONFIGURATION WITH AFT TAIL CONTROLS AT MACH NUMBERS FRO,_

1.60 TO 4.63.

M, Leroy Spearman and William A. Corlettp 19G7o Ii

NASA TM X-!491 SUPFFcSOt_ICA_.RDDYNAHICCHI\I_ACILffISTICSOF A MODEL OF AN

AIR-IO-GROUI_D MISSILE_

C1ydc t!_,ye_... 1(]'.'_"_S.
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NASA TM X-1492 AERgDYNAMIC CHARACTERISTICS AT MACH 2.50 OF A CRUCIFORM

MISSILE CONFIGURATION WITH IN-_INE INLETS, WINGS, AND

TAIL SURFACES.

Dennis E. Fuller and Celia S. Richardson, 1968.

NASA TM SX-1531 AERODYNAMIC CHARACTERISTICS OF A TARGET DRONE VEHICLE

AT MACH NUMBERS FROM 1.57 TO 2.10.

A. B. B1a'ir,Jr., and Roger H. Fournier, 1968.

NASA TM X-1538 STABILITY AND CONTROL CHARACTERISTICS AT MACH 1.57 TO

2.16 OF A TARGET DRONE MODEL VIFH AN UNDERSLUNG INLET.

A. Bo Blair, Jr., and Melvin M. Carmel, 1968.

NASA TM X-1751 AERODYNAMIC CHARACTERISTICS OF A MODIFIED MISSILE MODEL

WITH TRAPEZOIDAL WINGS AND AFT TAIL CONTROLS AT MACH

NUMBERS OF 2.50 TO 4.63.

. William A. Corlett, 1969.

NASA TM X-1834 AERODYNAMIC CHARACTERISTICS OF A CRUCIFORM-WING MISSILE

MODEL WITH A SYSTEMATIC VARIATION OF CANARD AND TAIL

LOCATIONS AT MACH 1.60 TO 4.63.
I

William A. Corlett.

NASA TM X-1839 EFFEClS OF WING PLANFORM ON THE STATIC AERODYNAMICS OF

A CRUCIFORM WING-BODY MISSILE AT MACH NUMBERS 1.50 TO 2.86.

Roger II,Fournier and M. Leroy Spcarrnan,1971.

NASA T_I SX-1961 EFFECTS OF ADDITIONAL REVISIONS ON THE AERODYNAMIC

CIIARACIERISTICS OF A TARGET DRONE VEHICLE AT MACH NUMUERS

FROM 1.70 TO 4.63.

A. Bo Blair, Jr., and Dorothy H. Tudor, 1970.
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NASA TM X-2289 EFFECTS OF NOSE BLUNTNESS ON THE STATIC AERODYNAMIC

CHARACTERISTICS OF A CRUCIFORM-WING HISSILE AT MACH

NUMBERS 1.50 TO 2.86.

Roger H. Fournier and M. Leroy Spearman, 1971.

NASA TM SX-2299 AERODYNAMIC CHARACTERISTICS AT MACH NUMBERS FROM 1.60

TO 2.86 OF A TARGET-DRONE VEHICLE WITH UNDERSLUNG ENGINE

NACELLE.

A. B. Blair, Jr., 1971.

HASA TM X-2367 LONGITUDINAL AERODYNAMIC CHARACTERISTICS AT HACH 1.50

TO 4.63 OF A HISSILE MODEL EMPLOYING VARIOUS CANARDS

AND A TRAILING--EDGE FLAP CONTROL.

Charles D. Trescot, Jr., 1971.

NASA TM X-2491 E;FECTS OF STRAP-ON BOOSTERS ON THE AERODYNAMIC CHARACTERIS-

TICS OF A SIMULATED LAUNCH VEHICLE AT MACH NUMBERS FROM

1.5o TO 2.86.

M. Leroy Spearman and Roger H, Fournier, 1972.

NASA TM X-2774 EFFECTS OF FIN PLANFORM ON THE AERODYNAMIC CHARACTERISTICS

OF A WU4GLE$S MISSILE WITH AFT CRUCIFORM CONTROLS AT MACH

1,60, 2,36, AND 2.86,

Charles D. Trescot, Jr.t Gerald V. Foster, and C. Donald

Babh_ 1P73.

NASA TM X-2780 AERODYI_AMIC CHARACTERISTICS AT MACH 0.60 TO 4.63 OF T_O CRUCI-

FOPM MISSILE t_ODELS,OIIEHAVING TRAPEZOID,% WINGS WITH

CANARD COr_TROLSAND THE OIHER IIAVIN(_DELLA WINGS WIltlTAIL

COtlTROLS.

William A, Corlett and Dorothy T, He,vell, 1973.
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NASA TM X-2831 EFFECT OF ROSE SHAPE AND IAIL LENGTIi ON SUPERSONICSTABILITY

:!:: CHARACTERISTICS OF A PROJECTILE.

Wa1|acc C. Saw_/crand Ida K, Co]]inst 1973.

NASA TM X-3070 STABILITY AND CONTROL CHARACTERISTICS AT MACH NUMBERS

FROM 0.20 TO 4,63 OF A CRUCIFORM AIR-T0-AIR MISSILE WITH

TRIANGULAR CANARD CONTROLS AND A TRAPEZOIDAL WING.

Ernald B." Graves and Roger H. Fournier, 197_.

TM X-71984 STABILITY AND CONTROL CHARACTERISTICS OF A MONOPLANE MISSILE

WITH LARGE DELTA WINGS AND VARIOUS TAIL CONTROLS AT HACH

1.90 TO 2.86.

Lloyd S. Jerne11, 1974.

TN D-7069 AERODYNAMIC CHARACTERISTICS OF A SWEPT-WING CRUISE MISSILE

" ' AT MACH NUMBERS FROM 0.50 TO 2.86.

M, Leroy Spearman and Ida K. Collins, 1972.
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LONGITUDINAl. PARAmeTERS AT MACI{ NUMBER 4.65 i _'!0°

X

CONFIGURATION Ca6 CD CL acmO _ --_.M.

Delta Fins and Trnillng-Edge Controls -0.017 0.12 0.134 0.637

Large Canard Controls with Flared Skirt 0.165 0.36 0.175 0.593

Small Canard Controls with Flared Skirt 0.143 0.3_ 0.150 0.583

Small Canard Controls without Flared Skirt 0.18 0.105 0.445

SIDESLIP DERIVATIVES AT MACH N_/_BER 4.65; ==0 °'

CONF£GURATION Cn_ Cl_ Cy8

Delta Fins and Traillng-Edge Controls -0.266 0 -0.153

Large Canard Controls with Flared _kirt -0.418 0 -0.186

Small Canar_ Controls with Flared Szirt -0.390 0 -0.177 .

Small Canard Controls without Flared Skirt -0.433 0 -0.134

DIRECTIONAL AND LATERAL CONTROL EFFECTIVENESS

AT MACH NUMBER OF 4.65; _=0 °

cosnG_,ATIO_ Ca6 Cz_ C__ CyS
.... roll zaw

Delta Fins and Trailing Edge Controls -0.0133 0.008 -0.020 0.0067

SI_all Canard Controls with _'lared Skirt _ 0.052 -0.030

Ref_ _t X-!87
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DIREL_I'IONAND LATERAL CONTROL EFFECTIVENESS

Yaw Control Roll Control

Cn_ C/dCn _ CyHach No. C ?, Cy_

1.80 -.161 .032 .040 .437 ..102 -.075

2.00 -.215 .027 .040 .437 .015 -.118

!

R_f. Tit X-1304

i

............................
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SIDESLIP DERIVATIVES AND ROLL CONTROL EFFECTIVENESS
AT MACH NU_R 2.5 WITH INLETS COVERED: _-0 e.

_=0 °

Configuration Cn, C_, %, C_6,roll

Wlng 1, Tall 1 .1008 0 -.147 --

WinE 1, Tall 1, Popout Fin .1568 0 -.163 .0118

Wing 2, Tall 1 .0560 0
_.137 .0127

Wing 3, Tall i, End Plate .1344 0 -.155

* Horlz Atal tails were deflected.

C *

c %,
m

Wing i, Tall 1 .0974 0 -.142 --

Wing 1, Tall 1, Popout Fin .1456 0 -.152 .0235

WlnE 2, Tail 1 .0482 0 -.125 .0252

WinE 3, Tail i, End Plate .1378 0 -.156 --

Wing 4_ Tail 2 -- -- ---- .0224

* All four tails were d_fleeted.

Ref. TM X-1492
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